Interleukin (IL)-37, originally defined as IL-1 family member 7 (IL1F7), is the most recently identified cytokine and acts as a fundamental inhibitor of innate immunity. [6] The human IL1F7 gene is located on human chromosome 2q13 and undergoes alternative splicing, resulting in the expression of five different isoforms, namely, IL-37a to IL-37e. [7] IL-37a, b, and d share the β-trefoil structural pattern of the IL-1 family and might play a role as functional cytokines. Pro-inflammatory cytokines could induce IL-37 production in peripheral blood mononuclear cells. Conversely, the expression of IL-37 in macrophages or epithelial cells inhibited the secretion of pro-inflammatory cytokines, such as tumor necrosis factor (TNF), IL-6, and IL-1β. [6, [8] [9] [10] IL-37 was not constitutively expressed in tissues from healthy controls, but could be upregulated by inflammatory stimuli and correlated with disease activity in various autoimmune diseases, such as RA, Graves' disease, and Guillain-Barré syndrome. [10] [11] [12] [13] [14] [15] Apart from this, the single-nucleotide polymorphism (SNP) rs3811047 of the IL-37 might contribute to the susceptibility of ankylosing spondylitis. [16] Previous studies revealed that IL-37 was elevated in the synovial tissue and plasma of patients with RA. [6, 12] The plasma level of IL-37 was positively related to pro-inflammatory cytokines, such as TNF-α and IL-6 in RA, and decreased in drug responders after treatment with disease-modifying antirheumatic drugs. [12] IL-37 could downregulate IL-17 and IL-17-triggering cytokine production and curb Th17 cell proliferation in patients with RA and mice with collagen-induced arthritis. [15] These studies suggested that IL-37 was associated with the pathogenesis of RA and implied that variations in the IL1F7 gene might be a genetic risk factor of RA. To date, two studies, involving 184 patients and 184 controls, and 276 patients and 276 controls, respectively, showed that SNP rs3811047 in the IL1F7 gene had no significant relationship with RA susceptibility among Chinese Han population, but was associated with disease activity in one study. [17, 18] However, the sample sizes of these two studies were probably too small to reach a statistical power. Besides, one SNP cannot cover the entire region to identify the relationship between the IL1F7 gene and susceptibility to RA. It is also still unclear whether the IL1F7 gene is related to different RA subsets based on the status of anti-cyclic citrullinated peptide (CCP) antibody, rheumatoid factor (RF), or gender.
This study aimed to test five SNPs, covering the entire region of IL1F7 gene with a large number of study participants to identify whether the polymorphisms of IL1F7 gene contribute to RA susceptibility and to determine whether the genetic impact of IL1F7 was specifically related to subsets of RA.
methods

Ethical approval
This study was approved by the ethical committee of Peking University People's Hospital (FWA00001384). Oral and written informed consent was obtained from all participants enrolled in this study.
Study subjects
In Stage I, the study initially screened 160 patients with RA and 252 controls for identifying the relationship between RA and the IL1F7 gene. Subsequently, in Stage II, the sample size was enlarged for further validation. A total of 730 unrelated patients with RA were recruited from the Department of Rheumatology at Peking University People's Hospital. All patients satisfied the American College of Rheumatology 1987 revised criteria for the diagnosis of RA. [19] The following clinical characteristics of patients with RA were recorded: age of RA onset, disease duration, Disease Activity Score using 28 joints (DAS28), RF, and anti-CCP status. In this sample, 81.9% of the patients (411/502) were anti-CCP positive, defined, and quantified with results >5 RU/ml using a second-generation anti-CCP antibody enzyme-linked immunosorbent assay kit (Euroimmun, Luebeck, Germany). The control group comprised 778 unrelated healthy individuals who were recruited from the Health Care Center of Peking University People's Hospital. All participants were Chinese Han, originating from North China. The clinical characteristics of the patients and healthy controls are shown in Table 1 . Age and gender were comparable for both the patients with RA and the healthy controls (P > 0.05).
Deoxyribonucleic acid extraction
Genomic deoxyribonucleic acid (DNA) samples were extracted from 2 ml of peripheral white blood cells gathered from patients with RA and healthy controls using a DNA extraction kit (Tiangen, Beijing, China). The concentration (>0.5 µg/µl) and purity (A 260/280 = 1.6-1.8) of DNA were measured by an ultraviolet spectrophotometer. The DNA showed no degradation through agarose gel electrophoresis and was stored at −80°C. Five tagged SNPs, rs2723186, rs3811046, rs4241122, rs4364030, and rs4392270, were selected for the study [ Table 2 and Figure 1 ]. Predesigned TaqMan Genotyping Assays were applied for the genotyping of SNPs rs2723186, rs3811046, rs4241122, rs4364030, and rs4392270 (ID: C_16061041_10, ID: C_27487174_10, ID: C_11725774_10, ID: C_27161165_10, and ID: C_383676_20, respectively, Applied Biosystems, CA, USA). Allelic discrimination was performed using the ABI 7300 Real-Time (Applied Biosystems, CA, USA) polymerase chain reaction system. The genotyping success rate was >95%. A total of 100 individuals of cases and controls for each SNP were sequenced to validate the genotyping accuracy, and the confirmation rate was found to be 100%.
Single-nucleotide polymorphism selection and genotyping
Statistical analysis
Genotype frequencies for SNPs of IL1F7 gene were tested against the Hardy-Weinberg equilibrium (HWE) using the Pearson's Chi-square goodness-of-fit test. The differences in allelic distributions between cases and controls were analyzed using the Chi-square or Fisher's exact test with two-tailed P values. The P values for odds ratios (ORs) and 95% confidence intervals were calculated for an alternative genetic model analysis using logistic regression, adjusting for age and gender. First, an explorative analysis was performed and no correction for multiple testing was applied in Stage I. Significance was considered at P < 0.05. Subsequently, tagged SNPs were tested in the validation cohort. For multiple testing corrections, statistical significance was specified by Bonferroni correction. Sample size calculation was done by PS software (Version 3.0.43; available at http://www. mc.vanderbilt.edu/prevmed/ps). A total of 707 cases and controls were needed to detect 80% power with a fixed MAF of 0.1, assuming an OR of 1.4 and a Type I error P of 0.05. Comparisons of DAS28 and the age of RA onset for three genotypes were made by a one-way analysis of variance. The Mann-Whitney U-test, t-test, and Chi-square test were used to compare demographic characteristics between patients with RA and healthy controls. All analyses were performed on IBM SPSS Statistical Software version 23.0 (Chicago, IL, USA).
results
The genotype distributions of rs2723186, rs3811046, rs4241122, rs4364030, and rs4392270 polymorphisms were in accordance with the HWE in both cases and controls (P > 0.05). In HapMap CHB (data resulted from the sequencing of 137 individuals), the allelic distributions for the five SNPs are shown in Table 2 . In 160 healthy controls, the allele frequency for rs4364030 C and rs4364030 G was found to be 0.519 and 0.481, respectively, different from the data in HapMap CHB. The allelic distributions of other four SNPs between the data from this study and HapMap CHB were comparable.
Distributions of alleles and genotypes for the five single-nucleotide polymorphisms in Stage I
In Stage I, the genotype frequencies for rs2723186, rs4241122, and rs4392270 were significantly different between patients with RA and healthy controls ( χ 2 = 4.817, P = 0.028; χ 2 = 4.573, P = 0.032; and χ 2 = 7.121, P = 0.008, respectively). Meanwhile, a marginal difference was observed in the dominant model of rs4392270 (B = −0.520, P = 0.028); otherwise, the genotype and allele frequencies of rs4364030 and rs3811046 were comparable between patients with RA and healthy controls [P > 0.05, Table 3 ].
Distributions of alleles and genotypes for IL1F7 single-nucleotide polymorphisms in Stage II
Based on the results of Stage I, the sample size was enlarged for rs2723186, rs4241122, and rs4392270 in Stage II. For Bonferroni correction, the current data were found to be equivalent to three independent markers with no LD, and, consequently, a corrected P = 0.017 was equivalent to uncorrected P = 0.05. For rs2723186, the genotype distributions were GG (73.1%), AG (25.4%), and AA (1.5%) in patients with RA and GG (75.8%), AG (21.8%), and AA (2.4%) in controls. No significant differences were found between cases and controls (P > 0.017) in either the recessive model or the dominant model. In addition, no difference was observed in the allelic frequency between the two groups (A: 14.2% in cases versus 13.3% in controls, χ 2 = 0.542, P = 0.461). Similarly, the distributions of alleles and genotypes for rs4241122 and rs4392270 were comparable between patients with RA and healthy controls [ Table 4 ].
Relationship between clinical characteristics and genotype distribution
The clinical characteristics of RA, according to the IL1F7 gene SNP genotypes, including age of RA onset and DAS28 score, did not show significant differences [P > 0.05, Table 5 ]. The contribution of the IL1F7 region to different anti-CCP and RF subsets was also analyzed. No associations were found between rs2723186, rs4241122, rs4392270, and different anti-CCP or RF subsets of patients [P > 0.017, Table 6 ]. In addition, the distributions of alleles and genotypes of the three SNPs were comparable between RA and healthy controls in both female and male subsets [ Table 7 ].
dIscussIon
This study was aimed to demonstrate the relationship of SNPs, covering the entire region of IL1F7 gene with RA in a Northern Chinese Han population. The results of the present study showed that SNPs rs2723186, rs3811046, rs4241122, rs4364030, and rs4392270 were not associated with RA, suggesting that the IL1F7 polymorphisms were not involved in the susceptibility of both the whole set and different RA subsets in the Northern Chinese Han population. 
Contd...
Previous studies suggested that IL-37, as a natural suppressor of innate inflammation, might participate in the development of autoimmune disease, including RA. [20, 21] The studies by Shi et al. and Pei et al. showed no relationship between the SNP of IL1F7 gene with RA. [17, 18] However, the small sample size limited the reliability of the studies. Therefore, a large-sample study was conducted to identify the relationship of IL1F7 gene with RA susceptibility. Meanwhile, five SNPs spanning the entire region were involved to comprehensively investigate the contribution of IL1F7 genetic variant to the development of RA. Even though the trend associations of three SNPs were detected in Stage I, the result of further validation with the statistical power >80% could be sufficient to confirm that IL1F7 genes were not significantly associated with susceptibility.
Genetic risk factors might be responsible for the distinct clinical characteristics of the disease, which was important for understanding the pathogenesis of the disease. For example, the PTPN22 R620W risk allele was restricted to anti-CCP-positive RA. [22] The present study also analyzed the association of different RA subsets according to antibody status and gender. The results demonstrated that IL-37-tagging SNPs had no contribution to the susceptibility of RA, neither in the entire study cohort nor in the subsets. Furthermore, no statistical difference of disease activity was detected between SNP genotype subgroups, indicating that IL-37 might not participate in the inflammation process of RA through direct gene variants. The findings of this study did not rule out the pathogenetic role of IL-37 in RA. A number of examples pertaining to inconsistency were available. For example, the IL17A and IL17F gene polymorphisms were not associated with the susceptibility of RA, while they were among the most important cytokines in the pathogenesis of RA. [23] One of the limitations of the current study was that only Chinese Han population originating from North China was enrolled. The significant role of IL1F7 gene in other ethnic populations could not be excluded in the pathogenesis of RA. In addition, paired serum specimens of the individuals were not collected to evaluate serum IL-37 expression and clarify the possible relationship between IL1F7 gene polymorphism and IL-37 protein level. Further studies are warranted to explore the role of IL-37 in the development of RA.
In conclusion, the present study with a large sample size showed that the five SNPs covering the entire region of IL1F7 gene were not risk factors for RA susceptibility.
Considering the power calculation and sample size of the present study, it was concluded that no association existed between the IL1F7 gene and RA in the Northern Chinese Han population. However, larger studies are needed to definitively exclude the overall significance of IL1F7 gene in RA. 
